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(57) Abstract: A field-effect semiconductor device, for example a MOSFET of the trench-gate type, comprises side-by-side device 
cells at a surface (10a) of a semiconductor body (10), and at least one drain connection (41) that extends in a drain trench (40) from 
the body surface (10a) to an underlying drain region (14a). A channel-accommodating region ( 15) of the device extends laterally to 
the drain trench (40). The drain trench (40) extends through the thickness of the channel-accommodating region (15) to the underly- 
ing drain region (14a). and the drain connection (41) is separated from the channel-accommodating region (15) by an intermediate 
insulating layer (24) on side-walls of the drain trench (40). A compact cellular layout can be achieve d,jvith a sign ificant proportion 
of the total cellular layout area accommodating conduction channels (12). The configuration in a/discrete o^i&e/ avoids ajieed to 
use a substrate conduction path and so advantageously reduces the ON resistance of the device. 
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FIELD-EFFECT SEMICONDUCTOR DEVICES 

5 This invention relates to field-effect semiconductor devices, particularly 

but not exclusively insulated-gate field-effect power transistors (so-called 
MOSFETs) of trench-gate type, comprising side-by-side device cells at one 
major surface of the body, and at least one drain connection that extends in a 
drain trench from the one major surface to an underlying drain region. The 

,o invention also relates to methods of manufacturing such devices. 

X^ff United States patent US-A-5,682,048 discloses such a field-effect 
/^ semiconductor device in the context of allowing a plurality of MOSFETs to be 
integrated in and on the same device body. Each MOSFET comprises a 
15 plurality of side-by-side device cells at one! major surface of the body. The 
configuration of each device cell is conventional in having a source region that 
is separated by a channel-accommodating! region of a first conductivity type 
from an underlying drain region of an opposite, second conductivity type. In 
conventional manner, a gate electrod/ is capacitively coupled to the 
20 channel-accommodating region to control a conduction channel between the 
source and drain regions. The whole contents of US-A-5,682,048 are hereby 
A/ incorporated herein as reference material. 
^ In the devices of US-A-5,682,048, the drain region of each MOSFET 

comprises an individual highly-doped buried layer between a drain drift region 
25 and the device substrate. The individual buried layers allow separate drain 
connections to the individual MOSFETs. Because a plurality of these 
MOSFETs are integrated in the same device body, each MOSFET has at least 
one individual drain connection between the one major surface and the drain 
buried layer. US-A-5,682,048 discloses forming these drain connections as 
30 low resistivity material in a drain trench that extends through an area of the 
drain drift region, from the one major surface to the underlying drain buned 
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layer. These trenched drain connections are of much lower resistivity than the 
drain drift region, and so reduce the ON resistance of the MOSFET. 

It is an aim of the present invention to provide trenched drain 
5 connections in MOSFETs and similar devices, in a particularly advantageous 
manner that allows a more compact cellular layout. In addition, a configuration 
is desirable that may be used advantageously to reduce ON resistance by 
avoiding a substrate conduction path in discrete devices and to allow 
proportionally more of the total cellular layout area to accommodate 

( 10 conduction channels. 

According to the present invention, there is provided a field-effect 
semiconductor device comprising a plurality of side-by-side device cells and at 
least one trenched drain connection, wherein the device has a 
channel-accommodating region that extends laterally to the drain trench, the 
is drain trench extends through the thickness of the channel-accommodating 
region to the underlying drain region, and the drain connection is separated 
from the channel-accommodating region by an intermediate insulating layer on 
side-walls of the drain trench. 

A compact cellular layout can be achieved, because no intermediate 
20 area of drain drift region is needed to separate the trenched drain connection 
Q from the channel-accommodating region. The invention provides a 
^ configuration of trenched drain connection that may even be used in 
low-voltage devices that do not have a low-doped drift region. 

In a /l]screte~d]iyic^, the underlying drain region may comprise a^ 
25 monocrystaUine substrate of the second conductivity type. The trenched drain 
connection to the upper surface of the body (typically an epitaxial layer) avoids 
the need to provide a conduction path in conventional manner through the 
substrate to its lower surface. As device design becomes more efficient in 
reducing the ON resistance, especially in trench-gate devices, this conduction 
30 path in the substrate would add noticeably (in the absence of the invention) to 
the total ON resistance between source and drain. 
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In order to accommodate conduction channels in proportionally more of 
the total cellular layout area, the drain trench may extend through a cell 
•Jl comprising an active source region. This source region can be laterally 
separated from the drain trench by an intermediate part of the 
5 channel-accommodating region. 

-4r In order to reduce the total cellular area occupied by the trenched drain 

connection(s), a drain trench or even each drain trench may extend through a 
1, connection cell that is laterally adjoined by device cells without a drain trench. 
These adjoining device cells may, for example, laterally surround the 

io^_xonnection cell. 

Several particularly advantageous features and options available with 

the invention are set out in the appended Claims. 

Several of the device structures can also be manufactured 
advantageously in accordance with the invention. Thus, for example, etching 
is the drain trench through the thickness of the channel-accommodating region 
localises the layout of the channel-accommodating region at the major surface 
of the body. The channel-accommodating region may be formed from a 
continuous doped layer of the first conductivity type at this major surface. 
Thus, for example, it may be formed from a non-localised (blanket) dopant 
20 implantation and/or diffusion in at least the active area of the device, or a 
doped epitaxial layer. When the device is of the trench-gate type, the gate 
trench may be etched in the same process steps as the drain trench. Both 
trenches may even be of the same depth. 



25 



These and other features of the present invention are illustrated in 
embodiments now described, by way of example, with reference to the 
accompanying diagrammatic drawings, in which: 

Figure 1 is a cross-sectional view of an active central part of a simple, 
low-voltage, trench-gate field-effect semiconductor device in accordance with 
30 the invention; 
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Figure 2 is a diagrammatic plan view of part of an interdigital layout of a 
trench-gate field-effect semiconductor device in accordance with the invention, 
such as the device of Figure 1 or the device of Figure 4; 

Figure 3 is a diagrammatic plan view of part of an alternative layout of a 
trench-gate field-effect semiconductor device in accordance with the invention, 
such as the device of Figure 1 or the device of Figure 4; 

Figure 4 is a cross-sectional view of an active central part of another 
trench-gate field-effect semiconductor device in accordance with the invention, 
as a modification of Figure 1 for operation at higher voltages; and 

Figure 5 is a cross-sectional view of an active central part of a further 
field-effect semiconductor device in accordance with the invention, having a 
planar-gate. 

The lines l-l in Figures 2 and 3 indicate sectional lines where the 
cross-sections of Figures 1 and 4 can be taken. It should be noted that all the 
Figures are diagrammatic. Relative dimensions and proportions of parts of the 
drawings have been shown exaggerated or reduced in size, for the sake of 
clarity and convenience in the drawings. The same reference signs are 
generally used to refer to corresponding or similar features in modified and 
different embodiments. 

Figure 1 illustrates an exemplary embodiment of a cellular power 
semiconductor device in the form of a trench-gate MOSFET. In the transistor 
cell areas of this device, a channel-accommodating region 15 of a first 
conductivity type (p-type in this example) separates source and drain regions 
13 and 14, respectively, of an opposite second conductivity type (n-type in this 
example). The gate electrode 11 is present in a trench 20 that extends 
through the regions 13 and 15 into an underlying portion of the drain region 14. 
This gate trench 20 is lined with a gate dielectric 22 via which the gate 
electrode 11 is capacitively coupled to the channel-accommodating region 15. 
Thus, the application of a voltage signal to the gate electrode 11 in the 
on-state of the device serves in known manner for inducing a conduction 
channel 12 (of electrons in this example) in the region 15 and for controlling 
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current flow in this conduction channel 12 between the source and drain 
regions 13 and 14. The source region 13 is located adjacent to the top major 
surface 10a of the device body, where it is contacted by a source electrode 33. 
The device has its drain electrode 34 also at the top surface 10a of the device 
body. 

The present invention provides an advantageous way of forming at least 
one connection 41 between the drain electrode 34 and the drain region 14. 
The drain connection 41 extends in a drain trench 40 from the surface 10a to 
the underlying drain region 14. The drain trench 40 is etched through the 
thickness of the channel-accommodating region 15 to the underlying drain 
region 14. As a result, the channel-accommodating region 15 extends laterally 
to the drain trench 40. The drain connection 41 is separated from the 
channel-accommodating region 15 by an intermediate insulating layer 24 on 
the side-walls of the drain trench 40. The device cell though which the drain 
trench 40 extends is preferably an active cell, as in the example of Figure 1. 
Thus, as illustrated in Figure 1. the drain trench 40 extends through a cell 
comprising a source region 13 adjacent to the gate trench 20. This source 
region 13 is laterally separated from the drain trench 40 by an intermediate 
part 15a of the channel-accommodating region 15. Due to its location, this 
intermediate part 15a is outside the control of the gate electrode 11, 

The device of Figure 1 is a discrete field-effect transistor in which the 
drain region 14 is a monocrystalline substrate of the second conductivity type 
(n-type). The bottom surface of this substrate (region 14) forms the back 
surface 10b of the device body 10, by which the device body 10 is mounted 
on. for example, a lead-frame platform of the device. In this device, the 
channel-accommodating region 15 is present in an epitaxial layer on the 
monocrystalline substrate (region 14). 

The device of Figure 1 is designed for operation with low voltages (for 
example, with up to 20 volts or 30 volts between the source and drain 
electrodes 33 and 34) and has no low-doped drain drift region. In this case, 
the channel-accommodating region 15 can be formed simply by an epitaxial 
layer of the first conductivity type (p-type in this example) deposited directly on 
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the monocrystalline substrate 14. The epitaxial layer provides the 
channel-accommodating region 15 with its conductivity-type-determining 
dopant concentration (P) of the first conductivity type that is lower than the 
dopant concentration (N+) of the second conductivity type of the substrate, i.e. 

5 drain region 14. _ 
Both the gate trench 20 and the drain trench 40 are etched through the 
thickness of the epitaxial layer (region 15) into the substrate (region 14). Both 
trenches 20 and 40 may be formed in the same photolithographic and etching 
steps, so facilitating their relative alignment in the device layout. Both trenches 
( - o 20 and 40 may be of the same depth z. 

The composition and thickness of the gate dielectric 22 provided in the 
gate trench 20 are chosen in accordance with desired gating characteristics, 
i.e. capacitive coupling between the gate electrode 11 and the 
channel-accommodating region 15. The composition and thickness of the 
is drain insulator 24 provided in the drain trench 40 are chosen to provide the 
necessary insulation at the operating voltages and to reduce the capacitance 
between the drain connection 41 and the channel-accommodating region 15. 
Typically this results in the gate dielectric layer 22 being thinner (at least 
adjacent to the channel-accommodating region 15) than is the drain insulating 
layer 24. It is convenient to form both layers 22 and 24 of silicon dioxide by 
oxidation of the trenches. The bottom of the drain trench 40 can be 
re-exposed by directional etching, while masking the gate trench 20. 

Typically the device body 10 is of monocrystalline silicon, and the layers 
22 and 24 are of silicon dioxide. The gate electrode 11 is typically of 
25 conductively-doped polycrystalline silicon. The drain connection 41 may also 
be of conductively-doped polycrystalline silicon, because its depth is small. 
However, it can be advantageous to form the drain connection 41 of a higher 
conductivity material, for example a metal such as aluminium or copper or 
tungsten, especially if the width w4 of the drain trench 40 is reduced. The 
30 source and drain electrodes 33 and 34 may be of, for example, aluminium or 
copper. The source and drain electrodes 33 and 34 may be of the same metal 
or of different metals. Thus, for example, in a cellular layout where it is desired 
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for a drain electrode 34 to extend on an insulating layer over the source 
electrode 33, then one electrode may be of copper and the other electrode 
may be of aluminium. A gate connection pad (contacting the gate electrode 
11) may also be of aluminium or copper. An insulating layer 23 typically of 
silicon dioxide is present on the body surface 10a and includes windows 
through which the source and drain electrodes 33 and 34 contact respectively 
the region 13 and connection 41 and the gate connection pad contacts the 
electrode 11. An insulating overlayer 26 typically of silicon dioxide is present 
on the gate trench 20 to insulate the gate electrode 11 from the overflying 

source electrode 13. 

In a typical embodiment, the doping concentration (P) of the channel- 
accommodating portion 15 may be, for example, 10 16 to 10 17 boron atoms 
cm" 3 , with an increased dopant concentration (P+) of, for example, 10 18 to 10 19 
boron atoms cm 3 , at the surface 10a where it is contacted by the source 
electrode 33. The conductivity-determining dopant concentration (N+) of the 
source and drain regions 13 and 14 may be, for example, 10 19 to 10 22 
phosphorus or arsenic atoms cm 3 . 

The depth z of the trenches 20 and 40 may be, for example, 1um to 
3um (micrometres). The gate dielectric 22 is typically less than 75 nm 
(nanometres) thick, for example about 50 nm thick. For a 20 volt or 30 volt 
device, the drain trench insulator 24 may be. for example 60nm thick. The 
widths w2 and w4 of the trenches 20 and 40 and their spacing depend, inter 
alia, on the process technology and the cellular array geometry used for the 
device. 

The drain trench configuration in accordance with the present invention 
may be incorporated in quite different, known cell geometries. Thus, for 
example the device cells may have a square geometry, or a close-packed 
hexagonal geometry, or an elongate stripe geometry. Figure 2 illustrates an 
embodiment with an interdigitated stripe geometry, whereas Figure 3 illustrates 
an embodiment with a square cell geometry. Only a few of the side-by side 
device cells are shown in the Figures, butjypically the device may comprise 
many thousands of these parallel cells between the electrodes 33 and 34.|The 
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active cellular area of the device may be bounded around the periphery of the 
body 10 by various known peripheral termination schemes (not shown in the 
Figures). The precise form of these termination schemes depend on the 
process technology used for the device and the voltage characteristics of the 
device. Such schemes normally include the formation of a thick field-oxide 
layer at the peripheral area of the body surface 10a, before the transistor cell 
fabrication steps. 

In the device of Figure 2, the drain trench 40 and the gate electrode 11 
are interdigitated in their layout. In this layout geometry, the source and drain 
electrodes 13 and 14 of Figure 1 are also accordingly interdigitated. An 
overall large connection area between the drain electrode 34 and the 
underlying drain region 14 can be readily achieved when each drain trench 40 
alternates with a gate trench 20. In this situation, the width w4 of the drain 
trench 40 can be made less than the width w2 of the gate trench 20, and a well 
distributed low-ohmic connection between the drain electrode 34 and the drain 

region 14 can still be obtained. 

Figure 3 illustrates an embodiment in which the drain trench 40 extends 
through a connection cell 101 that is laterally surrounded by device cells 100 
without a drain trench 40. In this situation, the width w4 of the drain trench 40 
is preferably larger than the width w2 of the gate trench 20, so as to reduce the 
resistance of the drain connection. The extra width may be accommodated by 
making the connection cell 101 larger than the other cells 100. In the specific 
example of Figure 3, one connection cell 101 replaces four ordinary cells 100 
of the array. By way of a specific example, Figure 3 illustrates a square 
geometry for the cells 100 and 101 . 

Although Figure 3 shows only one connection cell 101, the device may 
comprise a plurality of such connection cells 101 distributed among the other 
cells 100 of the device. Thus, for example, the cellular array of Figure 3 may 
be repeated in both X and Y directions. Each connection cell 101 may be 
surrounded by two or more rows of cells 100 (i.e. by at least 32 cells 100 in the 
Figure 3 square-cell configuration), or by a single row (i.e. by 12 cells 100 in 
the Figure 3 square-cell configuration). 
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The connection cell 101 is also an active cell of the device in that it 
comprises a source region 13 adjacent to the gate trench 20. This source 
region 13 is laterally separated from the drain trench 40 by an intermediate 
part 15a of the channel-accommodating region 15. The part 15a is outside the 
control of the gate electrode 1 1 . 

The drain region 14 of the device of Figure 1 has a dopant 
concentration N+ that is, adjacent to the channel-accommodating region 15. 
higher than the conductivity-type-determining dopant concentration P of the 
channel-accommodating region 15. Figure 4 illustrates a different situation, in 
which a low-doped drain drift region 14b is adjacent to the 
channel-accommodating region 15. Higher voltage devices can be formed by 
incorporating such a drift region 14b, for example with 50 volts or more applied 
to the drain electrode 14. 

In the device of Figure 4, the drain region 14 comprises a highly doped 
electrode region 14a underlying a less highly doped drift region 14b. Typically, 
the drain drift region 14b has a dopant concentration (N-) of the second 
conductivity type that is less than the conductivity-type-determining dopant 
concentration (P) of the first conductivity type of the channel-accommodating 
region 15. The drift region 14b is typically an epitaxial layer on the device 
substrate (region 14a). The channel-accommodating region 15 may be 
implanted and/or diffused into this epitaxial layer or may be a second epitaxial 
layer deposited thereon. The drain connection 41 in the drain trench 40 
' extends through the thickness of both the channel-accommodating region 15 
and the drain drift region 14b to reach the more highly doped drain electrode 
region 14a. The drain trench insulator 24 on the side-walls of the drain trench 
40 may be, for example 1 0Onm thick for a 50 volt device. 

Figure 4 shows the gate trench 20 extending to the same depth as the 
drain trench 40. In this situation for a higher voltage device, it is advantageous 
to increase the thickness of the gate dielectric 22 adjacent to the highly doped 
drain electrode region 14a. Figure 4 illustrates a thicker dielectric 22a at the 
bottom of the trench 20 and at the lower part of the side-walls adjacent to the 
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drift region 14b. This thicker dielectric 22a may be, for example, of the same 
thickness and composition as the drain insulator 24. 

j^n^dlfSo^f the Figure 4 device, a shallower gate trench 20 may fT 

be adopted^hHts-Bottom in the drift region 14b. Both trenches 20 and 40 
may be etched initially to the shallower depth, after which the gate trench 20 
can be masked while continuing to etch the drain trench 40 to reach the region 



14a. 



The present invention is particularly advantageous for fabricating 
compact device layouts with a trench-gate configuration. However, a trenched 
drain connection 41 in accordance with the present invention may be 
incorporated in planar-gate devices. A specific example is illustrated in Figure 
5. In this device, the gate electrode 1 1 is present on a gate dielectric layer 21 
on the body surface 10a. Through a planar channel-accommodating region 
15, the drain drift region 14b extends to the surface 10 below the gate 
electrode 11. The conduction channel 12 is formed in the intermediate part of 
the channel-accommodating region 15 below the gate electrode 11. between 

the drift region 14b and the source region 13. 

In the Figure 5 device, the drain trench 40 extends through the 
thickness of the channel-accommodating region 15 to the underlying drain 
region 14a. Although the channel-accommodating region 15 extends laterally 
to the drain trench 40, it is separated from the drain connection 41 by the 
intermediate insulating layer 24 on the side-walls of the drain trench 40. It will 
be appreciated that this layout is less compact and less advantageous to 
manufacture than the trench-gate embodiments. 

/ A discrete device/has been illustrated with reference to Figures 1 to 5, 
havin^tTdTairiTegi^n 14a extending as a substrate to the back surface 10b of 
the body 10. However, an integrated device is also possible in accordance 
with the invention. In this case, the region 14a or 14 may be a doped buried 
layer between a device substrate and an epitaxial low-doped region 14b or 15. 
This buried layer region 14a or 14 may be contacted by the trenched drain 
connection 41 that is separated from the channel-accommodating region 15 by 
the insulating layer 24 at the side-walls of the trench 40. 
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Usually the gate electrode 1 1 is formed of doped polycrystalline silicon as 
described above. However, other known gate technologies may be used. Thus, 
for example, additional materials may be used for the gate electrode 1 1 , such as 
a thin metal layer that forms a silicide with the polycrystalline silicon material. 
Alternatively, the whole gate electrode 11 may be of a metal instead of 
polycrystalline silicon. The same materials may be adopted for the drain 
connection 41. 

Figures 1 to 4 illustrate the preferred situation of an insulated trench-gate 
structure, in which a dielectric layer 22 lines the gate trench 20. However, 
so-called Schottky gate technologies may alternatively be used. In this case, a 
gate dielectric layer 22 is absent and the trench-gate electrode 11 is of a metal 
that forms a Schottky barrier with the low-doped channel-accommodating region 
15. The Schottky gate electrode 11 is capacitively coupled to the 
channel-accommodating region 15 by the depletion layer present at the Schottky 



The particular examples described above are n-channel devices, in which 
the regions 13 and 14 are of n-type conductivity, the region 15 is of p-type, and 
an electron inversion channel 12 is induced in the region 15 by the gate 
electrode 11. By using opposite conductivity type dopants, a p-channel device in 
accordance with the invention can be constructed. In this case, the regions 13 
and 14 are of p-type conductivity, the region 15 is of n-type, and a hole inversion 
channel 12 is induced in the region 15 by the gate electrode 1 1 . 



From reading the present disclosure, other variations and modifications 
will be apparent to persons skilled in the art. Such variations and modifications 
25 may involve equivalent and other features which are already known in the 
design, manufacture and use of semiconductor devices, and which may be 
used instead of or in addition to features already described herein. 

Although Claims have been formulated in this Application to particular 
combinations of features, it should be understood that the scope of the 
30 disclosure of the present invention also includes any novel feature or any 
novel combination of features disclosed herein either explicitly or implicitly or 
any generalisation thereof, whether or not it relates to the same invention as 
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presently claimed in any Claim and whether or not it mitigates any or all of the 
same technical problems as does the present invention. — 

The Applicants hereby give notice that new Claims may be formulated 
to any such features and/or combinations of such features during the 
prosecution of the present Application or of any further Application derived 
therefrom. 
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CLAIMS 



1. A field-effect semiconductor device comprising a semiconductor 
body having a plurality of side-by-side device cells at one major surface of the 

5 body, wherein each device cell has a source region that is separated by a 
channel-accommodating region of a first conductivity type from an underlying 
drain region of an opposite, second conductivity type, a gate electrode is 
capacitively coupled to the channel-accommodating region to control a 
conduction channel between the source and drain regions, and the device has 

10 at least one drain connection that extends in a drain trench from the one major 
surface to the underlying drain region, characterised m that the 
channel-accommodating region extends laterally to the drain trench, the drain 
trench extends through the thickness of the channel-accommodating region to 
the underlying drain region, and the drain connection is separated from the 

is channel-accommodating region by an intermediate insulating layer on 
side-walls of the drain trench. 

2. A device as claimed in Claim 1, further characterised in that the 
drain trench extends through a cell comprising a source region that is laterally 

20 separated from the drain trench by an intermediate part of the 
channel-accommodating region, which intermediate part of the 
channel-accommodating region is outside the control of the gate electrode. 

3. A device as claimed in Claim 2, further characterised in that the 
25 drain trench and the gate electrode are interdigitated in their layout. 

4. A device as claimed in Claim 1, further characterised in that the 
drain trench extends through a connection cell that is laterally surrounded by 
device cells without a drain trench. 



30 



5. A device as claimed in Claim 4, further characterised in that the 
connection cell comprises a source region which is laterally separated from the 
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drain trench by an intermediate part of the channel-accommodating region that 
is outside the control of the gate electrode. 

6. A device as claimed in any one of Claims 1 to 5, further 
5 characterised in that the gate electrode extends in a gate trench through the 

thickness of the channel-accommodating region, and the source region of 
each cell is adjacent to the gate trench at the one major surface. 

7. A device as claimed in Claim 6, further characterised in that the 
jo gate trench is lined with a gate dielectric layer that is thinner adjacent to the 

channel-accommodating region than is the intermediate insulating layer of the 
drain trench. 

8. A device as claimed in any one of the preceding Claims, further 
15 characterised in that the drain region comprises a more highly doped electrode 

region underlying a less highly doped drift region, and the drain connection in 
the drain trench extends through the thickness of both the 
channel-accommodating region and the drain drift region to reach the more 
highly doped drain electrode region. 

20 

9. A device as claimed in Claim 8, further characterised in that the 
drain drift region has a dopant concentration of the second conductivity type 
that is less than the conductivity-type-determining dopant concentration of the 
first conductivity type of the channel-accommodating region. 

25 

10. A device as claimed in any one of Claims 1 to 7, further 
characterised in that, adjacent to the channel-accommodating region, the drain 
region has a dopant concentration of the second conductivity type that is 
higher than the conductivity-type-determining dopant concentration of the first 

30 conductivity type of the channel-accommodating region. 
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11. A device as claimed in any one of the preceding Claims, further 
characterised in that the drain region comprises a monocrystalline substrate of 
the second conductivity type, and the channel-accommodating region is 
present in an epitaxial layer on the monocrystalline substrate. 
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FIG. 2 
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FIG. 5 




(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



f mil imiiii n mm inn eiii i n m urn inn ieeu iidi iik mim tin mi nu 

(43) International Publication Date (10) International Publication Number 

20 September 2001 (20.09,2001) PCT WO 01/69684 A3 



( 19) World Intellectual Property Organization 
International Bureau 




(51) International Patent Classification 7 : H0JL 29/78. 

29/417. 29/812 

(21) International Application Number: PCT/EPO 1 /0227 1 

(22) International Filing Date: 28 February 2001 (28.02.2001 ) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

0005650.7 1 0 March 2000 ( 1 0.03.2000) GB 

(71) Applicant: KONINKLIJKE PHILIPS ELECTRON- 
ICS N.V. [NL/NL]; Croenewoudseweg I. NL-5621 BA 
Eindhoven (NL). 

(72) Inventors: HUETINC, Raymond, J., E.; Prof. Holstlaan 
6. NL-5656 A A Eindhoven (NL). HIJZEN, Erwin, A.; 
Prof. Holstlaan 6. NL-5656 AA Eindhoven (NL). VAN 
DALEN, Rob; Prof. Holstlaan 6. NL-5656 AA Eindhoven 
(NL). 



(74) Agent: STEVENS, Brian, T.: Iniemationaal Octrooibu- 
reau B.V.. Prof Holstlaan 6. NL-5656 A A Eindhoven (NL). 

(81) Designated State (national): JR 

(84) Designated States (regional): European patent (AT. BE. 
CH. CY. DE. DK, ES. Fl. FR. GB. GR. IE. IT. LU. MC. 
NL. PT. SE. TR). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

(88) Date of publication of the international search report: 

3 January 2002 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: FIELD- EFFECT SEMICONDUCTOR DEVICES 



< 

oo 

VD 
ON 




O 



(57) Abstract: A field-effect semiconductor device, for example a MOSFET of the trench-gate type, comprises side-by-side device 
cells at a surface ( 10a) of a semiconductor body (10). and at least one drain connection (4 I ) that extends in a drain trench (40) from 
the body surface ( 10a) to an underlying drain region (14a). A channel-accommodating region (15) of the device extends laterally to 
the drain trench (40). The drain trench (40) extends through the thickness of the channel-accommodating region (15) to the underly- 
ing drain region ( 14a). and the drain connection (41 ) is separated from the channel-accommodating region (15) by an intermediate 
insulating layer (24) on side- walls of the drain trench (40). A compact cellular layout can be achieved, with a significant proportion 
of the total cellular layout area accommodating conduction channels (12). The configuration in a discrete device avoids a need to 
use a substrate conduction path and so advantageously reduces the ON resistance of the device. 



Y^ir> --WO AiftftcoMo i . 



RNATIONAL SEARCH REPORT 



Inter- »nal Application No 

PCT/EP 01/02271 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 H01L29/78 H01L29/417 H01L29/812 



According lo International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classilication system followed by classification symbols) 

IPC 7 H01L 



Documentation searched olher lhan minimum documentation to the extent that such documents are included in Ihe fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 

EPO-Internal , INSPEC 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ■ 



Citation ot document, with ndtcation. where appropriate, of the relevant passages 



Relevant to claim No. 



PATENT ABSTRACTS OF JAPAN 

vol . 016, no. 478 (E-1274), 

5 October 1992 (1992-10-05) 

-& JP 04 171764 A (NISSAN MOTOR CO LTD), 

18 June 1992 (1992-06-18) 

abstract; figures 1-3,9 

US 5 682 048 A (SHINOHARA T ET AL) 

28 October 1997 (1997-10-28) 

cited in the application 

column 3, line 55 -column 4, line 63; 

figures 1A-1B 

column 8, line 40 - line 55; figure 17 

US 4 914 058 A (BLANCHARD R A) 

3 April 1990 (1990-04-03) 

column 3, line 23 -column 6, line 47; 

figures 3-5 

-/-- 



1-3,6,8, 
9,11 



4,5,7,10 



4,5 



1,6,8 



7,10 

1,6,8,9, 
11 



Further documents are listed in the continuation ol box C. 



ID 



Patent family members are listed in annex. 



° Special categories ol cited documents : 

'A* document defining the general slate of the art which is not 
considered to be of particular relevance 

earlier document but published on or after the international 
filing dale 

"L* document which may throw doubts on priority daim(s) or 
which is cied lo establish the publication date ot another 
citation or other special reason (as specified) 

"CT document referring to an oral disclosure, use. exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



"T* later document published after Ihe international filing date 
or priority date and not in conflict with the application but 
cited lo understand the principle or theory underlying the 
invention 

*X* document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y" document of particular relevance: the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

•&* document member ot Ihe same patent family 



Date ot the actual completion of ihe international search 



25 October 2001 



Dale of mailing of the international search report 



31/10/2001 



Name and mailing address ol the ISA 

European Patent Office. P.B. 5818 Patent laan 2 
NL - 2280 HV Rtjswqk 

Tel (♦31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Morvan, D 



Fo#m PCT /ISA/2 10 (second sheet) ( July 1992) 



page 1 of 2 



i 



NATIONAL SEARCH REPORT 



Inter- *nal Application No 

PCT/EP 01/02271 



^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication. where appropriate, of the relevant passages 



Relevant to claim No. 



A 

P,X 



PATENT ABSTRACTS OF JAPAN 

vol. 1999, no. 09, 

30 July 1999 (1999-07-30) 

& JP 11 103056 A (TOYOTA CENTRAL RES & DEV 
LAB INC), 13 April 1999 (1999-04-13) 
abstract; figures 5-11 
-& US 6 177 704 Bl 

23 January 2001 (2001-01-23) 
column 6, line 50 -column 13, line 57; 
figures 5-11 

PATENT ABSTRACTS OF JAPAN 

vol. 012, no. 476 (E-693), 

13 December 1988 (1988-12-13) 

& JP 63 194367 A (MATSUSHITA ELECTRIC 

WORKS LTD), 11 August 1988 (1988-08-11) 

abstract; figures 1-3 



1,2,6 



4,5,11 



1,8,9 



Form PC T /ISA/210 (continual ton o4 second shoe*) (July 1992) 



page 2 of 2 



ERNATIONAL SEARCH REPORT 

formation on patent family members 



Interr mal Application No 

PCT/EP 01/02271 



Patent document 




Publication 




Patent family 




Publication 


cited in search report 




date 




member (s) 




date 


JP 04171764 


A 


18-06-1992 


JP 


3008479 


B2 


14-02-2000 


US 5682048 


A 


28-10-1997 


JP 


8316467 


A 


29-11-1996 








DE 


19620021 


Al 


21-11-1996 


US 4914058 


A 


03-04-1990 


NONE 








JP 11103056 


A 


13-04-1999 


US 


6177704 


Bl 


23-01-2001 


JP 63194367 


A 


11-08-1988 


AU 


2019188 


A 


23-02-1989 



Fonm PCT/ISA/210 (palonl family annex) (Juiy 1992) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

G$ BLACK BORDERS 

Q IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
El FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

£3 COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ' 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



